To compensate for delays of phototransduction, the retina anticipates the future by extrapolating the position of a moving object. But what if the object's motion changes, and the extrapolation is wrong? In this issue of Neuron, Schwartz and colleagues show that these prediction failures trigger a large burst of firing that helps to rapidly correct the neural representation of the object's new position.
Predicting the future is not just the domain of weather forecasters, political strategists, and fortune-tellers: whether we notice it or not, our very movements rely on our ability to anticipate what will happen next. Contrast the hitting of a small baseball moving at 40 m/s against the spectacle of an entire team struggling in vain to grab a crazily bouncing football. Or consider how your child, holding an overly full glass, miraculously wends her way to the dining room table without incident, while your morning commute over a bumpy road causes you to spill your coffee. In these situations, the difference between success and failure lies in the degree to which motion is predictable.
Being able to take advantage of predictability has major benefits for the motor system, because it takes time to get our large, heavy limbs moving. But inertia is not the only factor that keeps us from responding instantly: there are also delays due to sensory processing. For visual tasks, phototransduction itself takes several tens of milliseconds (Lennie, 1981) , an appreciable fraction of the overall 200 ms visual-motor reaction time of adult humans (Welford, 1980) .
A number of studies show that performance depends on perceptual strategies to anticipate motion (Land and McLeod, 2000; Robinson, 1965, among others) , and at least part of this anticipation is purely within the visual system itself. For example, a smoothly moving bar appears to be ahead of a stimulus briefly flashed at the same location (Nijhawan, 1997) .
Correspondingly, electrophysiological studies of both the cortex and retina have shown that the neural representations of moving objects lead those of intermittent objects (Berry et al., 1999; Fukushima et al., 2002) . This surprising feat can be explained, at least in part, by well-established properties of neural processing (Berry et al., 1999) . Thus, some of the ability to anticipate motion is carried out by circuitry in the very earliest stages of the perceptual-motor loop.
Of course, trying to anticipate motion has its hazards-in a saying often attributed to the Danish physicist Niels Bohr, ''prediction is very difficult, especially about the future.'' It is therefore of great interest to learn how the nervous system deals with significant failures. Are the errors swept under the rug, with the circuitry carrying on as if nothing special had happened? Or is there some signal that conveys surprise to downstream processing centers? Or is there even an attempt to correct the record?
To answer these questions, in this issue of Neuron Schwartz et al. (2007) report on their recordings of the action potentials of populations of ganglion cells in the isolated retina, measuring their responses to bars of light or dark that moved smoothly and then suddenly reversed direction. They found that motion reversal was accompanied by an abrupt burst of synchronous firing. This burst was of large amplitude: for many ganglion cells, their response to motion reversal was comparable in size to their response to the bar's initial entry into their receptive fields. This burst included many ganglion cells, namely those whose receptive field centers were within reach of either the leading or trailing edge of the bar. Moreover, this burst occurred at fixed latency relative to the reversal-despite large variations in bar speed, position, and width-and was in addition to (rather than instead of) a response to the bar's return passage through a given cell's receptive field center.
One consequence of this fixed latency is that tens or even hundreds of ganglion cells participate synchronously in the motion reversal response. This is in some contrast to the retinal responses to smooth motion, for which different ganglion cells often fire at different times depending on the position of their receptive field centers. Thus, the motion reversal response might ''stand out'' as being different from the signals encoding smooth trajectories. In support of this idea, Schwartz et al. (2007) show that even a relatively simple decoder, which pools over the outputs of many cells in a time-dependent fashion, can achieve perfectly reliable detection of motion reversal.
So, this study thoroughly and convincingly answers our first two questions: when its predictions about the future are wrong, the retina confesses its failure loudly, and with a distinct signal involving the synchronous firing of large neural populations. Anthropomorphically, one might imagine that this signal serves to ''warn'' downstream circuitry of a problem, to prepare it to compensate for false expectations. But how might a vague warning be acted upon by real neural circuits?
In a particularly insightful analysis, Schwartz et al. (2007) point out that the reversal signal goes beyond a warning function: the burst could be interpreted as a major step toward correcting the retina's estimate of the bar's position. Because the reversal response is dominated by neurons that have recently ''seen'' the bar or its trailing edge, the bulk of the spikes fired during the reversal response come from neurons whose receptive fields lie in the direction of its pastand, because of reversal, futurelocation. Thus, the ''neural image'' of the bar (the position inferred from spiking) suddenly jumps in the direction of the bar's new trajectory. By the time the reversal response terminates, firing to the bar's new smooth motion has begun, thus ''catching up'' the neural image to the bar's actual position.
As is often the case with interesting findings, this study answers many questions while introducing new ones. What happens if the object's new trajectory is unpredictable in more than one dimension, and therefore cannot be simply treated as a reversal? One might guess that, in contrast with the one-dimensional case, a ''change of direction'' burst would not provide a lot of information about the new trajectory, but this is an empirical question that can only be answered through experiment. Second, how, in cellular detail, is the reversal response generated? The authors show that it cannot be explained by a classical linear-nonlinear model in which the retina merely performs thresholded spatiotemporal filtering on visual input. Indeed, the fixed latency of the reversal response would appear to be a significant, and challenging, constraint on biophysically plausible models. The authors speculate about some possible circuit mechanisms; it seems possible that cellautonomous mechanisms, perhaps centering on ion channel kinetics, could also play a role.
Predictive coding may prove to be a general feature of neural processing (Mehta, 2001; Hosoya et al., 2005) . A consequence is that there have to be mechanisms for signaling that expectations have been violated. For the retina, we now know at least part of the strategy: failures and successes are both communicated clearly and unambiguously, and the way in which failure is announced goes far toward correcting the error. One might only wish that all examples of communication were as forthright as the visual code of the retina.
